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ABSTRACT 
 
This research is part of a wider effort to investigate the decreasing water levels of the 
Mississippi River Valley Alluvial Aquifer (MRVAA), which is partially located in the Mississippi 
Delta in northwestern Mississippi. The extent of this research compares laboratory and field based 
measurements of saturated hydraulic conductivity, known as Ksat, in the vadose zone of the Delta.  
The soil samples used for the laboratory Ksat tests and textural analysis were collected at 
various depths from two boreholes near Sky Lake in Belzoni, Mississippi. Each sample was 
classified by Unified Soil Classification System (USCS) standards after being sieved and tested 
for liquid and plastic limits. The dry bulk density of the soil cores were also recorded after the 
laboratory permeameter tests were completed. This data was analyzed to determine a relationship 
between soil textures and ksat.  
A directly proportional relationship among depth, soil texture, and Ksat measurements was 
found. Both boreholes were rich in clays for the first few feet. At one borehole, soil generally 
coarsened with depth and Ksat  increased as well. At the second borehole, there was a weaker trend 
of Ksat  increasing with depth compared to the first borehole, and there was no notable correlation 
among soil texture and depth. The first borehole had a more typical soil profile that is seen in the 
Delta. The laboratory Ksat were consistently much smaller than the field Ksat, which is likely due to 
the lack of macropores and heterogeneity in the soil cores and the small size of the sample tested 
relative to the volume of soil in the field Ksat tests.  
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Introduction 
 The Mississippi River Valley Alluvial Aquifer (MRVAA) supports an agricultural 
industry in the Mississippi Delta that generates over $1.5 billion in commodities annually (Delta 
Council, 2011). However, groundwater pumping is surpassing the rate of recharge to the aquifer, 
and continual decreases of 1 to 1.5 feet per year in the aquifer’s water levels have been occurring 
for the past 35 years (Brandon, 2015). This issue has attracted a lot of attention and research in 
an effort to better understand the aquifer’s water budget and to develop a strategy to provide and 
maintain a sustainable amount of water in the aquifer by increasing recharge, limiting pumping, 
or both.  
 Recharge of the aquifer begins with rainfall at the land surface, then the water moves 
downward into the vadose zone, the unsaturated subsurface from the land surface to the surface 
of the water table, and then reaches the aquifer. As the water moves downward, it can travel 
along preferential flow paths that are from soil cracks, root holes, and other macropores, which 
are common among fine grained cohesive soils, which is characteristic of the Delta and 
northwestern Mississippi. These macropores can potentially increase the rate of recharge to the 
underlying aquifer by allowing water to bypass slow percolation through the bulk soil matrix. 
(Perkins et al., 2011). 
 The rate at which a fluid moves through pore spaces under a unit hydraulic gradient in a 
media is known as hydraulic conductivity. In this case, the water is the fluid and the media is the 
soil. Hydraulic conductivity, represented as K, is one of the principal and most important soil 
hydrology characteristics. It is an important factor in water transport in the soil and used in all 
equations for groundwater flow (Stibinger, 2014). K is expressed with units of velocity (L/T), 
where L is the unit of length and T is the time unit. Hydraulic conductivity is derived from 
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Darcy’s Law, determined by Henry Darcy following experiments with water flow through sand 
beds (Darcy, 1856).  
In both laboratory and field experiments, permeameters will measure saturated hydraulic 
conductivity, known as Ksat . Hydraulic conductivity can be determined by the correlation 
method or by the hydraulic method (Stibinger, 2014). The correlation method involves 
determining soil characteristics and comparing them to soils with preexisting, scholarly accepted 
K values. The hydraulic method involves a variety of different laboratory and field methods. One 
of the laboratory methods involves testing soil cores and using a falling-head permeameter. One 
of the field methods involves testing soil within a borehole using a constant-head permeameter. 
Both of these hydraulic methods are used in this investigation and their results are analyzed and 
compared.  
Background 
 The Mississippi Delta is a ~7,000-square-mile alluvial plain in northwestern Mississippi 
(Figure 1) and is underlain by the MRVAA (Sumner and Wasson, 1990). The aquifer extends to 
parts of Arkansas, Louisiana, Missouri, Kentucky, Illinois, and Tennessee (Barlow and Clark, 
2011) and is the third most used aquifer in the United States, yielding 9,290 million gallons per 
day (Maupin and Barber, 2005). The majority of the water that is pumped from the aquifer is 
used for agriculture irrigation. The Delta’s agricultural industry produces 99% of the rice, 96% 
of the catfish, 79% of the soy beans, and 72% of the cotton grown in Mississippi; the water 
required to grow the rice and catfish accounts for the majority of groundwater demand (Arthur, 
2001).  
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Regional Hydrogeology 
The Mississippi River Valley was incised during one of the Pleistocene glacial periods 
due to low sea levels and increased stream gradients, and filled with alluvial sediments that are 
Quaternary in age (Arthur, 2001). Figure 2 is a helpful illustration of the following description of 
layers and sediments throughout the environment.  About 20 feet of clay is in the subsurface 
acting as the upper confining unit and then 80 to 180 feet of sand and gravel make up the 
MRVAA, with the thicker estimates occurring near the center of the alluvial plain (Sumner and 
Wasson, 1990). While there is a general trend of grain size coarsening with depth, there are 
alternating interbedded silty sand and silty clay along stream channels and sand bars throughout 
the alluvium (Arthur, 2001). The confining layer of clay and fine grained sediment causes low 
infiltration, and despite annual rainfall of 52 inches per year (Sumner and Wasson, 1990), some 
studies have found that only 2.5 inches per year, or ~5% of the average annual rainfall, recharges 
the aquifer (Arthur, 2001). Leakage from the Mississippi River and streams and lakes of the 
Delta as well as interflow from sediments and other aquifers within the Bluff Hills escarpment 
contribute to MVRAA recharge.  
Previous Studies of Recharge in Delta 
 Several studies have focused on the issue of limited recharge to the MRVAA and the 
excessive pumping of aquifer water. Some research has indicated that rainfall is the single 
greatest contributor to recharge of the MRVAA, which is unexpected considering the dense clay 
soil confining layer (Arthur, 2001). In the another study, vertical hydraulic conductivity testing 
and soil analysis for bulk density, grain size distribution, and permeability suggested that 
potential for vertical recharge was low due to the homogenous and continuous layer of lower 
permeability clay loam in the confining layer (Rose, 2007). Rose suggested that direct recharge 
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in the Bogue Phalia Basin, which partially incises through sandy loam, could serve as a potential 
pathway for lateral recharge to occur if the head in the river is greater than the head in the 
MRVAA. Unfortunately, most of the time the head of the MRVAA is greater than the Bogue 
Phalia, so lateral recharge from the Bogue Phalia into the MRVAA would not occur often.  
 Perkins et al. (2011) focused on the fate of infiltrated water in the vadose zone of the 
Delta and the transport of agricultural chemicals from the surface and to the MRVAA. In this 
study, the authors used a tracer to act as a contaminant and found that rainfall, the primary source 
of recharge to the aquifer, was also the primary force in driving the contaminant downward to 
the water table (Perkins et al., 2011). The report also asserted that while unsaturated flow can 
occur both through preferential paths and diffusely through the collective pore space of the 
matrix, the fastest flow likely occurs by preferential flow. Furthermore, they found that 
groundwater depletion can allow for faster movement of contaminants by creating preferential 
flow paths and also allow for the retardation of contaminants by increasing their storage time in 
the vadose zone. The lowering of the water table is suggested to decrease the likelihood of 
infiltrated water being transported laterally in the shallow subsurface to nearby streams and 
ditches, and may also lead to deeper and greater quantities of agricultural contaminants reaching 
the MRVAA (Perkins et al., 2011).  
Methods 
Soil Boring and Sample Collection 
 Soil core collection occurred on two separate occasions near Sky Lake, Mississippi on 
June 22, 2016, for borehole 1 and September 16, 2016, for borehole 2. The sites were selected 
using an aerial map of Sky Lake and surrounding areas (Figure 3). Once these sites were 
identified, an area with little to no trees or other large vegetation was selected as the exact boring 
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area so that large roots would not obstruct the boring process.  All equipment used to create the 
boreholes and collect the soil cores was provided by the SoilMoisture Equipment Corp. based in 
Goleta, California. A hand auger was used to drill down to ~11 feet at borehole 1 and ~9 feet at 
borehole 2. The diameter of both boreholes was 10 centimeters. Soil cores were collected using a 
hammer-driven core sampler at depths of 1, 2, 3, 4, 6, 8, and 10 feet at borehole 1 and at depths 
of 1, 2, 3, 4, 6, and 8 feet. Each core is 5.4 centimeters in diameter and 3 centimeters long and is 
held by a brass cylinder. The majority of the depths had two cores extracted, except for some 
samples at greater depths due to coarsening of grains and the decrease in cohesion and the soil’s 
ability to remain intact during extraction. During the drilling, soil was removed from the hole 
and placed into marked bags for each depth. These large bags of soil were used later for the sieve 
analyses.  
Soil Texture 
Soil texture refers to the various particle sizes of a soil. Soil texture can have an influence 
on the amount of void space in a soil, the amount of water the soil can hold, and how the water 
flows through the soil.  
 The bagged samples collected from the field were used primarily to determine textural 
characteristics and classify the soils of each depth. All samples were dried in an oven (Quincy 
Lab, Inc.) at 110 °C for a minimum of 24 hours. Samples at each depth were divided into two 
portions: one for sieve analysis and another portion to use for determining the liquid and plastic 
limits of the soil.  
Sieve Analysis 
Eight sieves were used in this analysis that follow the standards of the American Society 
of Testing and Materials (ASTM International, 2000): #10 (2.00 mm), #18 (1.00 mm), #40 
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(0.420 mm), #60 (0.250 mm), #100 (0.149 mm), #140 (0.106 mm), #200 (0.074 mm), and #230 
(0.063 mm). Each sieve was weighed on an Ohaus Explorer scale and recorded on a sheet for 
each depth tested (Appendix A). The sieves were stacked on top of each other, increasing in 
number downward, with a pan at the bottom to catch the grains that passed the #230 sieve.  
Samples were weighed on an Ohaus Explorer scale that was tared to negate the tin that held the 
soil samples.  Due to limited amount of soil collected at some depths, a different amount of soil 
was used for each sample sieved, with a range of 171.70 grams to 458.55 grams for borehole 1, 
and 171.15 grams to 245.20 grams for borehole 2.  An ELE Rotasift Laboratory Sifter was used 
to sieve each sample for 10 minutes.  
Once the sieving was complete, the sieves were removed from the stack, beginning with 
the top #10 sieve, and each was weighed and recorded on the previously mentioned sheet for a 
specific depth. After each sieve was weighed, the contents were deposited into a tin with a 
known weight. Once all the contents of the sieves and pan had been deposited into the tin, the 
weight of the sample after the sieve analysis was recorded. Calculations were made to determine 
the percent retained in each sieve, and the percent passing each sieve. The amount of soil 
retained in each sieve was divided by the weight of the sample after sieving and multiplied by 
100 to find the percentage retained in each sieve. Soil collected in the #10 sieve through the #200 
sieve are defined as sands, and soil retained in the #230 and the remaining soil left in the pan are 
defined as fines. These retained percentages were summed up and the sands and fines 
percentages were determined for each sample.  
Atterberg Limits 
The other portion of the soil was used to determine the liquid and plastic limits of soil at 
one foot increments of depth. Tests were done on samples 1-10 feet of site 1 and 1-9 feet of site 
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2. A minimum of 200 grams was used in each test for accuracy, unless there was not enough 
general sample to do so. Ceramic bowls were used to hold the dry sample. Deionized water was 
sprayed on the samples to allow for partial saturation and one hour transpired before actual 
testing took place. Two silver spatulas were used to handle the wetted soil and to transfer it to the 
automatic device (Redington; Windsor, CT) used to determine the liquid limit of the samples.   
A generous scoop (>20 grams) relative to one spatula was placed on a frosted glass plate 
and divided into smaller clumps. These clumps were then rolled to pieces slightly smaller than an 
average pencil (~5 mm) and if cracks appeared on the surface, the soil had reached its plastic 
limit. A small circular labeled tin with its lid was then weighed on the Ohaus scale and recorded 
(W1). The process of rolling the soil into cylinders and spotting cracks was repeated until at least 
10 grams of soil reaching the plastic limit was collected into the tin and the moist soil was 
weighed (W2). This was repeated for each depth. The tins were placed in the oven at 110 °C for 
24 hours and then weighed again to give the weight of the dry soil and tin (W3). These three 
weighed values can determine the plastic limit of the soil: 
Plastic limit = 
𝑊2 – 𝑊3
𝑊3 – 𝑊1
∗ 100 (Waltham, 2009) 
This procedure is repeated on an additional clump of soil from the same sample to ensure 
accuracy. The average value is taken from the two values found by the equation above, and this 
serves as the final value for the plastic limit of the sample.  
The liquid limit test was performed during or after the plastic limit, depending on if both 
or one of the researchers were present for laboratory analyses. Another generous scoop (>20 
grams) of the wetted sample would be smoothed out onto the dish of the Humboldt. The sample 
must not be protruding from the dish, or below the spatula while it is placed against the base of 
the dish, perpendicular to the mouth. A groove tool is then used to cut the sample so that there is 
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a gap of a few millimeters between the two sides of sample. The Humboldt is switched on and 
the lifting and falling of the dish begins. Once the two sides of soil begin to touch at a width 
equal to that of the groove tool, the device is stopped and the number of blows it took to reach 
that point is recorded. The number of blows must be between 20 and 30 to use the correction 
factors of the One Point Method, which is used to calculate the liquid limit (Virginia Department 
of Transportation, 2006). Next, a spatula is used to cut perpendicular to the groove at the points 
where the two sides touched. This wedge of soil is removed and placed into a tared tin with a lid 
on it and the weight of the sample is recorded. This test should be repeated immediately after 
weighing the other sample to ensure the blow number is within two blows of the first sample. 
Finally, the two tins from the two tests are placed in the oven at 110 °C for 24 hours, and record 
the weights after the drying period.  Using the wet and dry weights, the water content can be 
calculated for all samples. Using the water content (W) and the number of blows (N) from each 
trial, the equation below can be used to calculate the liquid limit of the sample. 
Liquid Limit = 𝑊 (
𝑁
25
)
0.12
 (Waltham, 2009) 
The average liquid limit can then be calculated from the two separate test values. The plasticity 
index of each sample was also calculated by subtracting the plastic limit from the liquid limit.  
Dry Bulk Density & Water Content 
 The dry bulk density is equal to the dry weight of the soil divided by the volume of the 
sample (Koorevaar et al., 1983). The dry bulk density and water content of each sample was 
determined after the laboratory permeameter tests were completed. The soil cores were collected 
in brass cylinders with diameters of 5.4 cm and lengths of 3 cm. Tins were weighed and tared 
and the saturated soil core was weighed and recorded. This was done for each sample. The tins 
and cores were then placed in the oven at 110 °C for 24 hours. Once the drying cycle was 
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completed, the tins and cores were weighed again and their dry weight was recorded. The soil 
was then pushed out of each cylinder and the cylinder itself was weighed and recorded. This 
process allowed for the weight of the wet and dry soils to be determined, as well as the moisture 
content of the sample. The dry sample weight and the calculated volume of the cylinder (πr2h) 
was used to determine dry bulk density (ρsoil) of each sample. 
 The gravimetric and volumetric water content of each sample was calculated from the 
collected information above. The gravimetric water content (𝜃𝑔) was found by using the 
following formula: 
𝜃𝑔 =
𝑚𝑤𝑎𝑡𝑒𝑟
𝑚𝑠𝑜𝑖𝑙
 
The weight of water (𝑚𝑤𝑎𝑡𝑒𝑟) was found by subtracting the dry soil weight from the wet soil 
weight and the dry soil weight is used in the equation above. The volumetric water content (𝜃𝑣) 
was found by using the following formula:  
𝜃𝑣 =  𝜃𝑔ρsoil  
Hydraulic Conductivity 
 Hydraulic conductivity can be measured through correlation methods or hydraulic 
methods. The correlation method uses soil characteristics and compares them to known hydraulic 
conductivities of soils with similar properties. The hydraulic method will be used in this 
research. The laboratory version of this method tests soil cores using a falling head permeameter. 
The field version of the hydraulic method tests soil within a borehole and uses a constant head 
permeameter (Stibinger, 2014).  
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Field Method 
 The field tests were performed at borehole 1 on June 22nd, 2016, and at borehole 2 on 
September 16th, 2016. All equipment used was provided by SoilMoisture Corporation (Goleta, 
CA). At site #1, the borehole was ~11 feet deep, and tests were conducted at 1, 2, 3, 4, 6, 8, and 
10 feet depths. At site #2, the borehole was ~9 feet deep, and tests were conducted at 1, 2, 3, 4, 6, 
and 8 feet depths.  
 To drill the holes, a Dutch-style auger was used because its narrow blades have little 
resistance with cohesive clay soils. Each hole was drilled 4 inches from the depth the test was 
supposed to be conducted, because the extraction of two soil cores would account for that ~4 
inches. After the soil cores were extracted, a sizing auger was used to clear and square the 
bottom of the hole for the test. While this core collection and clearing process takes place, the 
other researcher sets up the Aardvark permeameter and the software to run the test.  
Previous to entering the field, the SimplyData Software Suite was downloaded onto one 
of the researcher’s laptop computers. The “Aardvark Permeameter: Automated and Manual Soil 
Hydraulic Characteristics” equipment was used for field testing (Figure 4A). This permeameter 
uses the constant head method to measure the saturated hydraulic conductivity. Locations were 
added as “Sky Lake 1” or “Sky Lake 2” depending on the site, and subcategories were made for 
each depth tested. The time interval between each reading was set to one minute. The hole 
diameter was set to 10 centimeters and the water temperature was set to 20 °C. The depth of the 
hole was measured by attaching measuring tape to the downhole permeameter module and 
adding the length of the module. This depth value had to be readjusted for each test, but the other 
values remained the same.  
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The permeameter module was connected with tubing to a reservoir that holds water. The 
reservoir rested on top of a scale that was connected to the laptop, and the weight was recorded 
by the software every minute. The permeameter module was lowered into the hole, connected to 
the tubing and measuring tape (Figure 4B). A wooden windscreen constructed by Luke Jenkins 
was placed around the reservoir and stand to prevent wind from agitating the scale and its 
readings. After the set up was completed, the reservoir outlet was opened and after ten seconds 
of water running through the tubing and permeameter, the test on the software was started. Each 
test ran for about 10 to 15 minutes before reaching steady state. Steady state was reached once 
water consumption was within a certain percentage of change for at least three minutes. The 
change in water consumption was ideally ±5%, but some tests were only able to reach ±40%. 
The amount of water consumed varied from minute to minute due to the heterogeneity of the soil 
in the borehole and the varying states of saturation as the test approached equilibrium.  After the 
test finished, the steady flow rate (the rate of change of pressure and velocity do not change over 
time at any point in the system), the percolation rate (the soil’s ability to absorb the water), and 
the Ksat is available for the user.  
Laboratory Method 
The soil cores that were collected in the field were transported back to the University of 
Mississippi where falling head permeameter experiments were run intermittently from November 
2016 to January 2017. All equipment used was provided by SoilMoisture Equipment 
Corporation (Goleta, CA). The 2816GX Chameleon Lab System permeameter uses the falling 
head method to measure saturated hydraulic conductivity. The Chameleon software was 
downloaded onto a provided laptop for use in the tests.  
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The setup of the Chameleon permeameter was done following the provided instruction 
manual and is demonstrated in Figure 5A. The reservoir was placed on top of an upside down 
beaker that served as the reservoir’s stand. Tubing was connected to valve A of the reservoir to 
the underside of the tempe cell which held the soil core. With all valves closed, the reservoir was 
filled with water and the stopper was put on top of it. The air tube was pushed through the 
stopper and lowered it into the water. As for the soil core, it was placed on top of filter paper and 
covered by another piece of filter paper, then a rubber ring was placed around it to prevent 
leakage. The top of the tempe cell was then placed on top of it and secured by tightened wing 
nuts around its screws.  
The soil cores had to be saturated before the permeameter tests could run. To saturate, 
valve B is closed and valve A is opened so that water from the reservoir can flow through the 
tube and into the core. Once the water flows out of the tempe cell and into a beaker to contain the 
water, the core is saturated. This process took anywhere from a few minutes to several hours. 
After the cores were saturated, the tests could be conducted. The pressure transducer was 
connected to valve A. A correction factor must be calculated before each test due to the pressure 
difference at valve A and the top of the tempe cell.  
Correction factor = j – (t + s) + x 
Where j is the height of the reservoir stand, t is the height of the tempe cell’s overflow tube to the 
bottom of the tempe cell, s is the height of the tempe cell stand, and x is the height from the top 
of the reservoir stand to valve A.  The correction factor was calculated to be -3.1 centimeters, 
and this value was used for all of the tests and was input into the Chameleon software for each 
test. The software required many other values to be input for each test. For the first few tests, a 
value of 0.5 centimeters was used to stop the test once the head of the water dropped below it. 
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However, this made the tests very long, sometimes more than 24 hours, so the value was 
increased to 5 centimeters. The reservoir diameter was set at 5.13 centimeters, the sample 
diameter was set at 5.38 centimeters, and the sample length was set at 3 centimeters. After this, 
valve B was opened, valve A was turned to the left of the reservoir to let water flow through the 
tube and so the transducer could register water pressure, and the test was started. Once the head 
of the water dropped below the value specified to terminate the test, the test was complete and 
the Ksat value was computed by the software. Soil cores were removed from the tempe cell, 
capped, and retained for the bulk density and water content tests. The filter papers were replaced 
and the tempe cell was cleaned between each test.    
Results 
 The results that were gathered from these experiments include the classification of 
collected soils, dry bulk density values, gravimetric and volumetric water contents, in situ 
saturated hydraulic conductivity values, and laboratory saturated hydraulic conductivity values.  
Soil Classification 
 Soil samples were classified according to Unified Soil Classification System and the 
standards of the American Society for Testing and Materials (ASTM International, 2000). 
Figures 6 and 7 show the soil profile for boreholes 1 and 2, respectively. Borehole 1 had a range 
of clays, clayey sands, and silty sands. Borehole 2 had a slightly large range of clays, silts, clayey 
sands, and silty sands. The results of the sieve analyses are found in tables 1 and 2 and the results 
of the Atterberg limits tests are found in tables 3 and 4.  
Dry Bulk Density & Water Content 
 The dry bulk densities of the samples of boreholes 1 and 2 are found in tables 5 and 6, 
respectively. At borehole 1, the samples ranged from 1.22 g/cm3 at a depth of four feet to 1.56 
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g/cm3 at a depth of one feet, with an average value of 1.38 g/cm3. At borehole 2, the samples 
ranged from 0.90 g/cm3 at a depth of two feet to 1.57 g/cm3 at a depth of one feet, with an 
average value of 1.29 g/cm3 (Koorevaar et al., 1983). 
 The gravimetric and volumetric water contents of samples from both sites are also found 
in tables 7 and 8. For borehole 1, the gravimetric water content ranged from 24.26% at a depth of 
three feet to 30.73% at a depth of six feet, with an average value of 27.69%. The volumetric 
water content ranged from 31.69% at a depth of four feet to 42.76% at a depth of one feet, with 
an average value of 38.24%. For borehole 2, the gravimetric water content ranged from 27.65% 
at a depth of one feet to 44.07% at a depth of three feet, with an average value of 36.18%. The 
volumetric water content ranged from 38.05% at a depth of two feet to 53.34% at a depth of 
three feet, with an average value of 46.59%.  
Hydraulic Conductivity 
The results of the field and laboratory permeameter tests at sites 1 and 2 are found in 
tables 7 and 8, respectively. Unfortunately, due to software error, the field permeameter readings 
for 8 feet at borehole 1 and 4 feet at borehole 2 were overwritten and the data was lost. This 
should be considered when reviewing the average hydraulic conductivity field values.  
Beginning with site 1, the field permeameter values ranged from 4.73 × 10-7 m/s at a 
depth of four feet to 2.23 × 10-4 m/s at a depth of ten feet, with an average value of 7.93 × 10-5 
m/s. Regarding the laboratory tests, the values ranged from 2.07 × 10-8 m/s at a depth of one feet 
to 2.67 × 10-5 m/s at a depth of eight feet, with an average value of 5.94 × 10-6 m/s.  
As for site 2, the field permeameter values ranged from 4.93 × 10-7 m/s at a depth of one 
feet to 1.33 × 10-5 m/s at a depth of six feet, with an average value of 3.87 × 10-6 m/s. Regarding 
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the laboratory tests, the values ranged from 1.02× 10-8 m/s at a depth of four feet to 5.57 × 10-8 
m/s at a depth of 8 feet, with an average value of 2.37 × 10-8 m/s.  
Discussion 
 Beginning with the soil texture characteristic, site 1 had a more typical soil profile than 
site 2. The percentages used in this discussion are found in tables 3 and 4 for boreholes 1 and 2, 
respectively. For the first four feet, both boreholes had a similar textural composition. Clayey 
sands made up the majority of the first two feet of borehole 1 and the second and third feet of 
borehole 2. Clays were the majority in the third foot of borehole and in the first foot of borehole 
2. Silty sands and silty clays made up the majority of the four feet depths of both boreholes. 
However, they begin to differ at a depth of five feet, with borehole 1 coarsening at a greater rate 
than borehole 2.  
While the amount of fines was significant (33 – 50%) for the first few feet of borehole 1, 
the presence of clays decreased significantly after 6 feet, which corresponds to the coarsening 
with depth trend seen in the Mississippi Delta. The greater depths of SL-1-8 and SL-1-10 were 
both classified as silty sands and were the coarsest classifications of the soil profile, with the 
smallest percentage of fines, 30%, occurring at SL-1-10. However, at a depth of nine feet, the 
soil was predominantly made of clays, with the largest amount of fines, 58%, occurring at this 
depth. While the alternating layers of fine grained and coarse grained material is typical of the 
alluvial depositional environment, there is an overall coarsening with depth trend, as silty sands 
make up the majority of SL-1-7 – SL-1-10 classifications.  
In borehole 2, the greater depths of SL-2-8 and SL-2-9 feet were predominantly fines, 
with the greatest amount of fines, 69%, occurring at nine feet, which is opposite of the trend at 
borehole 1’s greatest analyzed depth. However, SL-2-9 was classified as predominantly silts, so 
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while the amount of fines is the greatest at this depth compared to the soil profile, borehole 2 
does show some coarsening at its last sampled depth. Borehole 2 had coarser soils, clayey and 
silty sands, at shallower depths and finer soils, clays and silts, at greater depths. A possible 
explanation to this lack of coarsening with depth could be that borehole 2 was drilled through 
one of the clay lenses that commonly occurs in the Delta as illustrated in Figure 3.  Clays make 
up the majority of SL-2-6 through SL-2-9, while the last four feet of borehole one is mostly 
coarser soils.  
The dry bulk density values for both boreholes were fairly reasonable when compared to 
typical values (Koorevaar et al., 1983) and are found in tables 5 and 6 for boreholes 1 and 2, 
respectively. These typical values are 1.6 g/cm3 for sandy soil, 1.3 g/cm3 for silt loam, and 1.1 
g/cm3 for clay soil. However, some depths, such as the clayey – silty sand of SL-1-4 and the 
clays of SL-1-3, do not follow typical values based on its classification. SL-1-4 had a dry bulk 
density of 1.22 g/cm3, which was slightly smaller than sample SL-1-5, a predominantly clay 
sample. These two classifications are on opposite ends of the coarseness spectrum, relative to the 
soil profile of the borehole, so the dry bulk density value of SL-1-4 is unusual. SL-1-3 had a dry 
bulk density of 1.52 g/cm3, which is typical of sands, but not of clays, which is the classification 
of this depth.  
A similar difference at SL-2-1 also occurred. The dry bulk density value was 1.57 g/cm3, 
but the soil classification was clay. Therefore, the dry bulk density values would be expected to 
be around 1.22 g/cm3, not around the typical value of sandy soil. Then at SL-2-2, the dry bulk 
density value was 0.90 g/cm3, but the soil classification was clayey sands. This unusually low 
value could be the result of experimental error, or due to organics being contained in the soil 
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cores, as they have a smaller dry bulk density than clays and sands, which could explain the 
values that are smaller than the typical value.  
The volumetric water contents also represent an estimate of the porosity because the 
samples were saturated, which can be compared to typical porosity values of soil (Koorevaar et 
al., 1983). Every sample’s porosity fell within the typical range of porosity values for its soil 
classification. These typical values include 35 – 60% for sandy soils, 30 – 70% for clay soils, 30 
– 60% for silty soils, and 30 – 60% for loamy soils.  
In relation to the saturated hydraulic conductivity values of the laboratory and field 
permeameter tests, borehole 1 had more of an anticipated relationship than borehole 2. Figure 8 
is a graph showing the relationship between the two Ksat measurement methods and the amount 
of fines at each depth for borehole 1. As the amount of fines decrease, the Ksat should increase, 
which was seen in both the field and laboratory tests at SL-1-2 and SL-1-10. However, at SL-1-
3, when fines increased by 17% from the previous depth, the Ksat also increased, which is 
unusual. A possible reason for this and other increases in Ksat values along with an increase in 
percent fines could be that silts are making up the majority of the fines, since they are coarser 
than clays. More possible reasons for the increase in Ksat at SL-1-3 is experimental error or the 
existence of macropores. 
Figure 9 shows the relationship between the two Ksat measurement methods and the 
amount of fines at each depth for borehole 2. As the amount of fines decrease from SL-2-1 to 
SL-2-3, the Ksat values of both methods increase. However, as the amount of fines begin to 
increase from SL-2-4 to SL-2-6, the Ksat values also increase, which does not follow the expected 
trend. As the fines increase, from SL-2-3 to SL-2-4, the amount of silts increases, which would 
explain how the Ksat is increasing. However, from SL-2-4 to SL-2-6, the amount of clays greatly 
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increases and the classification transitions from clayey – silty sands to clay and silts. This 
increase in Ksat of both field and laboratory values could be due to experimental error or 
macropores.  
In regard to the field and laboratory Ksat values compared against each other, the field 
values were consistently higher than the laboratory values at each borehole. The only instance of 
a laboratory value being greater than its corresponding field value occurred at SL-1-4, with the 
laboratory value being 55% greater than the field value. Figure 10 is a graph relating the two 
methods of hydraulic conductivity measurement of borehole 1, with the red line representing 
where their values would equal; figure 11 displays the same information for borehole 2. 
Borehole 1 has a moderate linear trend of the Ksat values increasing proportionally. If SL-1-4 was 
to be disregarded, the data points show a strong linear trend that would be fairly parallel to the 
line of equal value. Borehole 2 has essentially no trend of proportional increase among the Ksat 
values. All of the field values were much greater than the laboratory values, as indicated in 
Figure 11 by the amount of distance between the points and the line of equal value. Borehole 1 
had more similar field and laboratory Ksat values relative to borehole 2.  
Figures 12 and 13 can also be used to compare the Ksat values. In Figure 12, there appears 
to be a consistency in the amount of difference between the field and laboratory values. Most of 
the values appear to have about an order of magnitude difference in value, except for SL-1-4, 
which has a small difference relative to the rest, and SL-1-1, which has a larger difference 
relative to the rest. In Figure 13, there is less of a consistency among the differences between the 
field and laboratory values of borehole 2. SL-2-2 and SL-2-3 seem to both have about two orders 
of magnitude among the field and laboratory values, while SL-2-8 has about one and a half 
19 
 
orders of magnitude between the Ksat values. SL-2-6 has the greatest difference between the Ksat 
values, with nearly three orders of magnitude separating them. 
Figures 12 and 13 also show the relationship between the plasticity indices of the samples 
and the field and laboratory values at each borehole. The expected relationship among plasticity 
index and Ksat is inversely proportional. This trend is loosely seen at in Figure 10, with SL-1-1 
having the second highest plasticity index of 13.2 and the lowest Ksat of the laboratory values and 
the second lowest Ksat of the field values. SL-1-10 had the second lowest plasticity index of 1.13 
and the highest Ksat values of both the field and laboratory values. However, the relationship 
among the rest of the data points do not follow this trend, so overall there is not a strong relation 
between these two soil properties. If the first and last depth data points of borehole 2 are 
interpreted, one could say that the relationship between Ksat and plasticity index is directly 
proportional. From SL-2-1 to SL-2-8, there is an increase in plasticity index from 6.6 to 12.6 as 
well as an increase in Ksat values of both methods of measurement. However, overall there is not 
a strong relation between these two soil properties at boring 2. 
Rose (2007) suggested the existence of macropores in situ may be one of the reasons why 
the K values of field measurements were consistently greater than those of laboratory 
experiments. Macropores such as root holes, bioturbation, mud cracks, and general heterogeneity 
of soil texture can increase the rate of infiltration, especially if they exist as the soil transitions to 
coarser particles in the subsurface. The soil cores tested represents a much smaller volume than 
the soil that is tested in the field, and the collected samples may not contain the macropores that 
exist in the overall subsurface. On the other hand, the boreholes in the field may have contained 
an unusual amount of macropores in comparison to the entire subsurface, and could have caused 
the permeameter to yield high K values. Additionally, the field tests may have been terminated 
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prematurely despite the software indicating a steady state equilibrium being reached and 
calculating Ksat values. On some occasions, the tests would fall out of steady state after a few 
more minutes of measurements, which suggests a constant infiltration rate had not been 
achieved, which would cause an overestimation of the Ksat values.  
The laboratory method is fast, cheap, and there is no time constraint compared to 
measuring hydraulic conductivity in the field. The small sample size allows for a large 
possibility of a random error (Stibinger, 2014). The field method also has limitations. The 
boundary of the soil environment is usually not precisely known. There can be small-scale field 
tests, in which measurements are taken at many locations and are relatively cheap and quick. 
There are also large-scale field tests, which may provide more representative K values because 
potential error due to spatial variation is eliminated as much as possible (Stibinger, 2014).  
Summary 
This project was based on previous investigations that focused on the decreasing water 
levels in the Mississippi River Valley Alluvial Aquifer. The extent of this research compares 
laboratory and field based measurements of saturated hydraulic conductivity. The field tests and 
soil core collections were conducted at two boreholes near Sky Lake in Belzoni, Mississippi, on 
June 22nd and September 16th of 2016. Sieve analyses and Atterberg limits tests were performed 
to classify soils at one foot increments in each borehole. The dry bulk density of the soil cores 
were also recorded after the laboratory permeameter tests were completed. The majority of the 
samples had typical dry bulk density values and porosities for their soil classifications.  
While both boreholes were clay rich for the first few feet, borehole 1 had a more typical 
soil profile, as it coarsened with depth, whereas borehole 2 appeared to fine with depth. There 
was a trend among the depth, soil texture, and Ksat measurements of both the field and laboratory 
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tests, especially in borehole 1. As depth increased, soil texture was likely to coarsen, and the Ksat 
significantly increased. The laboratory Ksat values were consistently much smaller than the field 
Ksat values. This is likely due to the lack of macropores and heterogeneity in the soil cores and 
the small size of the sample tested relative to the volume of soil in the field Ksat tests.  
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Table 1: Sieve Analysis of Borehole 1 
 
      % Retained       
Sample ID Depth (ft) #10 #18  #40  #60 #100  #140  #200  #230  Pan  % Sand % Fines 
SL-1-A top soil 8.96 14.09 20 9.67 7.51 3.5 4.49 2.71 28.66 68.22 31.37 
SL-1-1 1 1.03E+00 7.79 21.78 9.75 7.87 3.57 4.68 3.54 40.1 56.47 43.64 
SL-1-2 2 10.56 15.76 17.19 6.93 5.9 3.49 7.16 5.82 27.19 66.99 33.01 
SL-1-3 3 0.85 7.2 14.62 5.87 5.79 4.44 11.16 9.12 40.95 49.93 50.07 
SL-1-4 4 0.23 0.87 4.69 2 6.32 11.75 24.19 13 36.95 50.05 49.95 
SL-1-5 5 0.82 0.91 1.67 0.23 12.85 27.63 32.05 8.81 15.04 76.16 23.85 
SL-1-6 6 0.255 0.3 1.89 2.29 5.64 9.23 23.94 14.67 41.86 43.545 56.53 
SL-1-7 7 0 0.034 0.83 1.47 6.12 13.57 28.77 15.19 34.01 50.794 49.2 
SL-1-8 8 0 0.064 0.7467 0.4694 5.846 20.4 31.107 13.16 28.21 58.6331 41.37 
SL-1-9 9 0.28 0.254 2.9 1.64 2.26 7.17 26.75 17.18 41.57 41.254 58.75 
SL-1-10 10 0.209 0.128 2.381 10.79 15.93 15.31 25 10.23 20.02 69.748 30.25 
SL-1-10.5 ~10.5 0 0 1.408 14.006 23.97 17.11 20.892 6.964 15.649 77.386 22.613 
SL-1-11 11 0 0.0172 5.052 44.519 31.048 6.667 5.601 1.959 5.137 92.9042 7.096 
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Table 2: Sieve Analysis of Borehole 2 
 
      % Retained      
Sample ID Depth (ft) #10 #18 #40 #60 #100 #140 #200 #230 Pan % Sand % Fines 
SL-2-1 1 0.758 0.213 6.183 5.591 5.236 5.425 12.177 7.557 56.858 35.583 64.415 
SL-2-2 2 0.041 5.781 20.541 9.041 7.278 4.203 6.827 4.92 41.369 53.712 46.289 
SL-2-3 3 0 0.0803 16.435 18.63 13.49 5.728 7.281 4.176 34.181 61.6443 38.357 
SL-2-4 4 0 0.0293 13.087 15.317 11.502 6.045 10.622 6.749 36.649 56.6023 43.398 
SL-2-5 5 0 0.0253 8.348 10.675 9.36 8.0192 15.583 8.829 39.16 52.0105 47.989 
SL-2-6 6 0 0 3.722 5.206 6.353 10.915 23.006 11.951 38.847 49.202 50.798 
SL-2-7 7 0 0 2.485 4.674 6.667 8.339 20 12.448 45.387 42.165 57.835 
SL-2-8 8 0 0 4.653 6.992 6.892 6.345 14.929 10.848 49.341 39.811 60.189 
SL-2-9 9 0 0.0245 4.676 1.909 1.714 4.994 17.846 12.681 56.157 31.1635 68.838 
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Table 3: Atterberg Limits Data from Borehole 1 
Sample ID Depth (ft) Liquid Limit Plastic Limit Plasticity Index 
SL-1-1 1 37.8 24.6 13.2 
SL-1-2 2 47.7 24.3 23.4 
SL-1-3 3 34.7 24.4 10.4 
SL-1-4 4 26.7 22.2 4.45 
SL-1-5 5 23.5 22.9 0.54 
SL-1-6 6 30.3 22.8 7.58 
SL-1-7 7 26.2 24.1 2.13 
SL-1-8 8 24.0 24.0 0.003 
SL-1-9 9 25.7 24.5 1.26 
SL-1-10 10 20.5 19.4 1.14 
 
 
 
Table 4: Atterberg Limits Data from Borehole 2 
Sample ID Depth (ft) Liquid Limit Plastic Limit Plasticity Index 
SL-2-1 1 28.3 21.7 6.60 
SL-2-2 2 44.7 27.0 17.6 
SL-2-3 3 41.9 26.1 15.8 
SL-2-4 4 31.4 26.0 5.44 
SL-2-5 5 31.9 24.3 7.59 
SL-2-6 6 33.2 26.5 6.68 
SL-2-7 7 34.3 24.1 10.2 
SL-2-8 8 37.2 24.7 12.6 
SL-2-9 9 27.6 24.2 3.39 
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Table 5: Dry Bulk Density & Water Content of Borehole 1 Samples 
 
*values from this test are low due to sample falling out of the brass cylinder after the permeameter test, being bagged, and later on water being added to remove 
soil from the bag for this test. 
 
Table 6: Dry Bulk Density & Water Content of Borehole 2 Samples 
Sample ID Dry Bulk Density (g/cm3) Gravimetric Water Content (%)  Volumetric Water Content (%) 
SL-2-1 1.57 27.65 43.43 
SL-2-2 0.90 42.17 38.05 
SL-2-3 1.21 44.07 53.34 
SL-2-4 1.38 35.67 49.09 
SL-2-6 1.26 34.64 43.61 
SL-2-8 1.41 32.86 46.30 
 
Sample ID Dry Bulk Density (g/cm3) Gravimetric Water content (%)  Volumetric Water Content (%) 
SL-1-1 1.56 27.40 42.76 
SL-1-2 1.35 31.38 42.34 
SL-1-3 1.52 24.26 36.78 
SL-1-4 1.22 25.95 31.69 
SL-1-6 1.23 30.43 37.78 
SL-1-8 1.44 26.73 38.53 
SL-1-10* 1.37 N/A N/A 
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Table 7: Field and Laboratory Ksat Values at Borehole 1 
Sample ID Depth (ft) Ksat field (m/s) Ksat laboratory (m/s) 
SL-1-1 1 6.76E-07 2.07E-08 
SL-1-2 2 5.47E-06 3.92E-07 
SL-1-3 3 1.28E-04 8.33E-06 
SL-1-4 4 4.73E-07 8.29E-07 
SL-1-6 6 1.18E-04 5.00E-06 
SL-1-8 8 N/A 2.90E-07 
SL-1-10 10 2.23E-04 2.67E-05 
 
 
 
Table 8: Field and Laboratory Ksat Values at Borehole 2 
Sample ID Depth (ft) Ksat field (m/s) Ksat laboratory (m/s) 
SL-2-1 1 4.93E-07 1.12E-08 
SL-2-2 2 1.79E-06 2.67E-08 
SL-2-3 3 2.17E-06 2.32E-08 
SL-2-4 4 N/A 1.02E-08 
SL-2-6 6 1.33E-05 1.53E-08 
SL-2-8 8 1.62E-06 5.57E-08 
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Figure 1: Map of the Mississippi Delta and Sky Lake Location 
 
 
 
 
 
 
 
 
 
 
Sky Lake 
32 
Figure 2: Hydrogeology Cross Section of the Delta 
 
(Arthur, 1994) 
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Figure 3: Aerial Map of Sky Lake Showing Boring Locations 
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Figure 4: Field Permeameter
Figure 4A: Aardvark permeameter diagram from manual Figure 4B: Aardvark permeameter module in situ at Sky Lake 
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Figure 5: Laboratory Permeameter
Figure 5A: Chameleon permeameter diagram from manual. 
Monitor transducer installed at valve A for falling head test. 
Figure 5B: Chameleon permeameter setup in Brevard 008 
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Figure 6: Soil Profile of Borehole 1 
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Figure 7: Soil Profile of Borehole 2 
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Figure 8: Saturated Hydraulic Conductivity & Percent Fines of Borehole 1 
 
 
 
0 10 20 30 40 50 60
0
2
4
6
8
10
12
1.7E-08 1.7E-07 1.7E-06 1.7E-05 1.7E-04 1.7E-03 1.7E-02
% Fines passing 75μm sieve
D
e
p
th
 (
ft
)
Ksat measurements (m/s)
Laboratory Field Fines
39 
 
Figure 9: Saturated Hydraulic Conductivity & Percent Fines of Borehole 2 
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Figure 10: Comparison of Field and Laboratory Ksat Values of Borehole 1 
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Figure 11: Comparison of Field and Laboratory Ksat Values of Borehole 2 
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Figure 12: Ksat & Plasticity Index Comparison of Borehole 1 
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Figure 13: Ksat & Plasticity Index Comparison of Borehole 2 
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Appendix A: Handwritten Sieve Analysis Data 
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Appendix B: Handwritten Atterberg Limits Data 
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Appendix C: Electronic Data Files for Field and Laboratory Permeability Tests 
This information is available in a zip file attached to the thesis. 
 
 
